Infectious bursal disease (IBD) is a naturally occurring virus-induced immune deficiency of chickens characterized by necrosis and depletion of lymphoid elements. A recent study has suggested that surface immunoglobulin M-bearing B lymphocytes are target cells for infection by the IBD virus (IBDV) (3). Electron microscopy has shown that IBDV is a nonenveloped icosahedron with diameters ranging from 55 to 65 nm (1, 2, 5, 13). In a previous study (5) This report is concerned with a reexamination of two criteria: the fine structure of virions viewed with high-resolution electron microscopy and rotational enhancement of image detail and the polypeptide structure of IBDV, using polyacrylamide gel electrophoresis.
Infectious bursal disease (IBD) is a naturally occurring virus-induced immune deficiency of chickens characterized by necrosis and depletion of lymphoid elements. A recent study has suggested that surface immunoglobulin M-bearing B lymphocytes are target cells for infection by the IBD virus (IBDV) (3) . Electron microscopy has shown that IBDV is a nonenveloped icosahedron with diameters ranging from 55 to 65 nm (1, 2, 5, 13) . In a previous study (5) , we suggested that the capsid of the virion consisted of 32 capsomeres, each composed of five or six structural units, and that IBDV resembled bluetongue virus in morphology. However, it is known that there are biological and physicochemical differences between IBDV and bluetongue virus. Apart from the initial study by This report is concerned with a reexamination of two criteria: the fine structure of virions viewed with high-resolution electron microscopy and rotational enhancement of image detail and the polypeptide structure of IBDV, using polyacrylamide gel electrophoresis.
Samples of the GBF-1 strain of IBDV were t Present address: Department of Urology, School of Medicine, Gifu University, Tsukasa, Gifu 500, Japan.
: Present address: Aichi Prefectural Institute of Public Health, Nagare 7-6: Kitaku, Nagoya, Japan. obtained as previously described (4, 6) . Briefly, susceptible chickens were inoculated with virus from passage 15 to 20, and affected bursae of Fabricius were harvested for virus extraction. The purification procedure was essentially the same as that described previously (5) . Electron microscopy was performed as previously described (5) . Rotational enhancement of image detail was accomplished with a double-wheel device modified from the pinwheel apparatus described by Markham et al. (8) . These modifications eliminated the hole produced at the axis of rotation. Virus samples were solubilized by incubation for 2 h at 37°C with equal amounts of the 0.01 M phosphate buffer (pH 7.2) containing 2% sodium dodecyl sulfate, 6 to 8% 2-mercaptoethanol, and 50% glycerol, followed by heating for 2 min at 1000C before electrophoresis. The polypeptide composition of the virus was determined in 7.5% polyacrylamide gels as described by Spandidos and Graham (16) . Electrophoresis was carried out at a constant current of 5 mA/gel for 8 h. The molecular weights of polypeptides determined on 7.5% gels by the procedure of Shapiro et al. (15) were used for the final results.
After three equilibrium centrifugations in cesium chloride, the major band of IBDV occurred at a buoyant density of 1.34 1 .34 g/ml, whereas the band at the density of 1.35 g/ml contained mostly spherical particles. Intact virions were generally hexagonal in profile, and surface capsomere arrangement of the morphological unit was not clearly resolved ( Fig. la and b) . These particles averaged from 62 to 63 nm in diameter and appeared to be covered by an outer layer composed of T-shaped structures (Fig. lb) . The outer layer was continuous. Spherical particles without an apparent outer layer predominated at the density of 1.35 g/ml (Fig. lc) . Their diameters were 54 to 55 nm, and morphological units were clearly observed. At a higher magnification, each morphological unit seemed to be composed of smaller subunits in hexagonal-pentagonal arrays around a central hole ( Fig. 2a and  d ). Subunits appeared to be shared by neighboring structural units. In previous ultrastructural studies on the morphology of IBDV (5) (Fig. 2a) , six capsomeres were clearly seen on an n = 6 rotation ( Fig. 2b) but not on an n = 5 rotation (Fig. 2c) . Peripheral capsomeres may not have been penetrated by stain and, thus, were not clearly seen. On a fivefold axis of symmetry (Fig. 2e ), capsomeres were enhanced by an n = 5 rotation but not by an n = 6 rotation (Fig. 2f) . Peripheral capsomeres were clearly enhanced by an n = 5 rotation. The diameters of the morphological unit and central hole were about 12 and 4 nm, respectively. Bands at densities of 1.36 and 1.37 g/ml both contained degraded virus particles and other smaller particles. However, a higher percentage of smaller particles was observed in the band at the density of 1.36 g/ml than in the band at the density of 1.37 g/ml. The latter band contained mostly stringlike structures. The smaller particles had a mean diameter of 15 nm and a range of 10 to 20 nm. These particles occurred singly, in large groups, and occasionally on the surface of degrading IBDV particles (Fig. ld) . The stringlike structures observed in the 1.37-g/ml CsCl fraction (Fig. le) Fig. 3a . From these results, seven polypeptides representing viral structural proteins were evident and designated as P1, P2, P3, P4, P5, P6, and P7 (descending molecular weight). Two major bands, P3 and P4, were obvious, as indicated by their dense staining and high profiles. Five minor bands were also evident, of which two, P1 and P2, were seen as sharp but faint bands. The other minor bands, P5, P6, and P7, stained more diffusely. The molecular weights of viral polypeptides were determined by comparison with the relative mobilities of proteins of known molecular weights. An almost linear relationship was obtained between ratios of migration and molecular weight in the range of 12 x 103 to 160 X 103 for 7.5% gels (Fig. 4) . The molecular weights of the seven structural components, representing averages of 15 (Fig. 3b) did not differ from the gel of the major fraction shown in Fig. 3a . Electrophoresis of fractions at densities of 1.36 and 1.37 g/ml revealed that the polypeptide concentration of P4 was apparently less than that of P3, contrary to the standard profile of the virion. Other minor bands were not detected in these fractions (Fig. 3c) . IBDV apparently has an outer layer, as indicated by the large size of intact particles with hexagonal outlines. Moreover, the capsomeric detail on the main capsid surface of IBDV often appeared partially obscured by such a layer. This outer layer was very thin (7 to 8 nm) and continuous, with T-shaped structures suggestive of the configuration reported for rotavirus but not as clearly defined (9, 12, 17) . Although the outer layers of reovirus and orbivirus are also indistinct, they are featureless (7, 17) . The outer layer of IBDV may exert some stability to the structure of the underlying major capsid layer. By rotational enhancement of image detail, the results of this study confirmed our previous report (5) that IBDV has an icosahedral symmetry of T = 3, with a probable 32 large capsomeres. This type of symmetry and the unique feature of subunit sharing are morphological characteristics reported for the Reoviridae family (11, 12) . 
